Background: Sepsis is a leading cause of death and long-term disability in developed countries. A comprehensive report on the incidence, clinical characteristics, and evolving management of sepsis is important. Thus, this study aimed to evaluate the characteristics, management, and outcomes of patients with severe sepsis in Japan. Methods: This is a cohort study of the Focused Outcomes Research in Emergency Care in Acute Respiratory Distress Syndrome, Sepsis, and Trauma (FORECAST) study, which was a multicenter, prospective cohort study conducted at 59 intensive care units (ICUs) from January 2016 to March 2017. We included adult patients with severe sepsis based on the sepsis-2 criteria.
Background
Sepsis is a leading cause of admission to intensive care units (ICUs) and of death in developed countries [1, 2] , and survivors have long-term disabilities. Several developed countries are undergoing demographic alterations due to aging, and changes in clinical practice and outcomes have not been sufficiently evaluated.
The Barcelona Declaration, which was promoted in the Surviving Sepsis Campaign (SSC) in 2002, aimed to reduce the mortality rate from sepsis by 25% within 5 years [3] . However, the impact of the campaign, including the utilization of care bundles and improving outcomes, remains limited despite ongoing revisions every 4 years. Relative to other high-profile diseases, such as cancer, sepsis has remained in the backwater despite a relatively long history of improvement in practice and research [4] .
For optimal sepsis management, comprehensive treatment guidelines, such as those provided by the SSC, and information on local factors are essential. The Japanese Association for Acute Medicine Sepsis Registry study group investigated the epidemiology of severe sepsis in patients admitted to 15 ICUs in Japan in 2011, and their findings were reported in 2014 [5] . However, despite the fact that Japan is a developed and high-income country, larger, more comprehensive follow-up reports on the incidence, clinical characteristics, and evolving management of sepsis in Japan are not available. The World Health Assembly has recommended monitoring this progress, including the use of national registries, in an effort towards improving outcomes for both patients and survivors [4] . To increase awareness about sepsis and to reduce the burden of sepsis management, we established the Focused Outcomes Research in Emergency Care in Acute Respiratory Distress Syndrome, Sepsis, and Trauma (FORECAST) study to comprehensively describe the epidemiology and outcomes associated with severe sepsis and to understand how clinicians use guidelines in routine clinical practice in Japan.
Methods

Design and setting
A cohort of patients with severe sepsis was enrolled into the FORECAST study, which was a multicenter, prospective study on acutely ill patients, including those with acute respiratory distress syndrome, sepsis, and trauma. The FORECAST study used a consecutive sample of 59 ICUs in Japan, and it was conducted from January 2016 to March 2017. The FORECAST study was registered in the University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR ID: UMIN000019742).
Participants
We included adult patients (age ≥ 16 years) with severe sepsis based on the sepsis-2 criteria published in 2003 [6] . All patients were admitted to the ICU. The inclusion criteria were as follows: patients suspected to have or was diagnosed with new-onset infection based on the history of the present illness; patients who met ≥ 2 systemic inflammatory response syndrome criteria; and patients who had at least one organ dysfunction. The sepsis-2 criteria also included the following: systolic blood pressure < 90 mmHg, mean arterial pressure (MAP) < 65 mmHg, or low blood pressure > 40 mmHg; serum creatinine > 2.0 mg/dL or diuresis (urine output < 0.5 mL/kg/h); total bilirubin > 2.0 mg/dL; platelet count < 100,000 cells/mm 3 ; arterial lactate > 2 mmoL/L; international normalized ratio > 1.5; and arterial hypoxemia (partial pressure of arterial oxygen (PaO2)/fraction of inspired oxygen (FIO2) < 200) with pneumonia or PaO2/FIO2 < 250 without pneumonia) [6] . The exclusion criteria included the limitation of sustained life care or post-cardiopulmonary arrest resuscitation status at the time of sepsis diagnosis.
Data collection
Data, which were compiled by FORECAST investigators, were obtained from the FORECAST database. Patient information included the demographic characteristics of the patients, admission source, various comorbidities, activities of daily living (ADL), suspected sites of infection, organ dysfunctions, sepsis-related severity scores, microbiology test results, and details of antibiotic use. In addition, we obtained data on compliance with established sepsis care protocols, such as the measurement of serum lactate within 3 h. Data collection was performed as part of the routine clinical workup. The primary outcome was in-hospital mortality. The secondary outcomes included status after discharge, ICU-free days, ventilatorfree days (VFD), and length of hospital stay (LOS).
Data definitions
Septic shock was defined based on the sepsis-2 criteria [6] . In individuals with organ dysfunction, hypotension was defined as systolic blood pressure < 90 mmHg, MAP < 65 mmHg, or decreasing blood pressure > 40 mmHg. Acute lung injury included the presence of arterial hypoxemia (PaO2/FIO2 < 200 with pneumonia or PaO2/ FIO2 < 250 without pneumonia). Regarding comorbidities, cases of diabetes mellitus with and without end-organ complications were reported. Malignancies included solid, blood, and metastatic varieties, and cerebral vascular diseases included stroke and hemiplegia. Details are presented in Table 2 . The Charlson comorbidity index (CCI) was classified into four previously defined grades: 0, none; 1-2, low; 3-4, moderate; and ≥ 5 points, high [7] . Based on the results of the blood culture tests, we excluded contamination if an investigator clinically confirmed contamination. We also measured compliance with the bundles proposed in the Surviving Sepsis Campaign Guidelines (SSCG) 2012 [8] . We defined compliance as evidence that all bundle elements were achieved within the appropriate time frame (i.e., 3 h or 6 h), and that they adhered to the indications (i.e., septic shock or lactate level > 4 mmol/L). In addition, VFD was defined as the number of days within the first 28 days after enrolment during which a patient was able to breathe without a ventilator. VFD in patients who died during the study period was assigned as 0. ICU-free days were calculated in the same manner.
Analysis
Descriptive statistics included proportions for categorical variables, and the medians (interquartile range (IQR)) of the continuous variables were calculated because not all variables had normal distributions. There were few missing data (except bundle data); however, no assumptions were made about such data. Moreover, we analyzed the compliance rates for each bundle element and for the entire 3-h or 6-h bundles. Since data on the achievement of central venous pressure (CVP) of 8 mmHg and central venous oxygen saturation (ScvO2) of 70% in more than half of the participants were missing, we excluded these from the 6-h bundle analysis. To assess for compliance with the 2018 updated guidelines on the 1-h SSCG bundle of care [9] , we calculated the compliance rates for the entire 3-h bundle in addition to vasopressor use to maintain MAP ≥ 65 mmHg and lactate re-measurement. To identify the factors correlated with compliance with the entire 3-h bundle considered for clustering by the ICUs, we developed a multilevel logistic regression model. Because bundle compliance usually correlates with institutional and service provider factors more than factors associated with the patients, we selected the following variables: type of ICU (open or closed), number of ICU beds, type of hospital (university hospital or other), number of board-certified intensivists, nurse-to-patient ratio, and number of ICU patients, after carefully examining clinically plausible interactions and multicollinearity. We did not evaluate the 6-h bundle because of several missing data.
Survival analysis using the Kaplan-Meier approach was performed to investigate the time from survival to discharge in patients with severe sepsis. The survival curve was drawn for 80 days, which showed that 88% of the patients were discharged. To identify the effect of the different epidemiological and treatment factors on in-hospital mortality considered for clustering by ICUs, we subsequently developed the generalized estimating 
Results
In total, 1184 patients with severe sepsis were included in the FORECAST study. Table 1 shows the organizational characteristics of the FORECAST study. It mainly consisted of the following: open ICU (61.0%), mixed ICU (94.9%), 11-20 ICU beds (44.1%), university hospitals (49.2%), and high-volume centers (78.0%; number of hospital beds ≥ 501). Table 2 presents the baseline characteristics of the participants. The median age of the participants was 73 years (IQR 64-81), and approximately 60.7% were men. The majority of the patients were admitted to the ICU directly from the ED (57.2%). Approximately 67.0% of the patients had at least one comorbidity. The most common comorbidity was diabetes mellitus (23.0%), followed by malignancies (17.7%), cerebrovascular diseases (11.8%), and congestive heart failure (10.8%). Approximately 24.3% of patients were deemed to be dependent as evaluated by ADL. The most common site of infection was the lung (31.0%), followed by the abdomen (26.3%), urinary tract (18.4%), and soft tissues (9.9%). Approximately 62.9% of patients had septic shock. Hypotension (55.4%) and hyperlactatemia (67.3%) were frequently observed in individuals with organ failure. The median Acute Physiologic Assessment and Chronic Health Evaluation II (APACHE II) score was 23 (IQR 17-29) and the SOFA score was 9 (IQR 6-11). Fifty-four percent of patients had positive blood cultures. In patients with positive blood cultures, the most common causative microorganism was Escherichia coli (32.5%), followed by streptococci (19.5%) and staphylococci (16.3%). With regard to the use of antibiotics, carbapenem was most commonly used (55.0%), followed by tazobactam/piperacillin (20.9%) and vancomycin (17.8%) ( Table 3) .
The compliance rate for the entire 3-h bundle was 64.3% (Table 4) . Moreover, the rate for each item in the 3-h bundle was high: 96.9% for obtaining serum lactate levels and 76.3% for fluid resuscitation. The compliance rate for the entire 6-h bundles was substantially lower at 3.5%. The compliance rates for vasopressor use and repeat lactate measurement were 88.6% and 90.0%, respectively. However, the compliance rate for the 3-h bundle plus vasopressor use and repeat lactate measurement was 57.3%. A multilevel logistic regression model showed that closed ICUs and non-university hospitals were more compliant with the entire 3-h bundle ( Table 5) .
The overall in-hospital mortality rate was 23.4% (21.0-26.0) ( Table 6 ). The mortality rate in patients with septic shock was 27.9% (24.6-31.3). However, the in-hospital mortality rate in patients with non-septic shock was 16.0% (12.7-19.9) . Among the survivors, 36.7% of patients were discharged home. The median number of ICU-free days was [19] [20] [21] [22] [23] [24] . The median number of VFD was 21 (IQR 0-28), and the LOS was 24 (12-46) days. The mortality rate continued to increase even after the acute phase of severe sepsis ( Fig. 1 ). Older age, multiple comorbidities (CCI), suspected site of infection (the condition of patients with intra-abdominal or urinary tract infection was less severe than that of patients with pneumonia), and increasing SOFA scores correlated with in-hospital mortality based on the GEE model. However, gender, BMI, ADL, admission source, presence of shock, bacteremia, utilization of the fluid resuscitation protocol, and use of broad-spectrum antibiotics were not correlated with inhospital mortality in the model (Table 7) .
Discussion
Summary
In this study, we described the epidemiology and outcomes associated with severe sepsis in Japan to better understand how clinicians adhere to guidelines in routine clinical practice. Our study population included elderly individuals with various comorbidities, and this is an accurate reflection of the super-aging society in Japan. The in-hospital mortality rate in our study in Japan was comparable to that of other developed countries. Sepsis management in our study was characterized by high compliance with 3-h bundles and low compliance with CVP and ScvO2 measurements. The mortality rate continued to increase even after the acute phase of severe sepsis, although one third of the survivors were discharged home after recovery. Observational (non-interventional) studies on severe sepsis have been recently decreasing because of its changing definition. The age of study populations around the world has been rapidly increasing in prospective multicenter cohort studies among patients with severe sepsis (Additional file 1: Table S1 ). Additional file 1 shows a summary of these studies. As an Asian comparison, a nationwide epidemiological study on sepsis in Taiwan, analyzed a similar aging cohort with sepsis [10] , and their results showed that diabetes mellitus (with or without complications) was the most common comorbidity, which is consistent with that of our study. This likely reflects the common characteristics of individuals in developed countries, although it remains controversial whether the severity of diabetes mellitus itself is a risk factor for sepsis [11, 12] . Previous studies have shown that aging and multiple comorbidities were the risk factors associated with poor outcome due to sepsis [1, 7, [13] [14] [15] [16] ; however, a single comorbidity was not. The distribution of suspected infection sites was similar to that in previous reports [13, 17] . This similarity suggests that our results showing the effect of site of infection on outcomes may be generalizable to other countries [13, 17] .
In our study, blood culture tests were obtained in most cases, and half of the patients were positive for blood culture tests. Although it remains unclear whether bacteremia itself correlate with mortality in individuals with sepsis [13, 16, 18] , we believe that the relatively high prevalence of bacteremia likely correlates with severity, particularly considering the frequent occurrence of septic shock. Otherwise, it suggests a higher bacterial load or utilization of a more sensitive technique, although information about the blood culture technique is not available. In the FORECAST study, we identified septic shock based on blood pressure measurements and vasopressor requirements, whereas clinical diagnosis was used in our previous registry [5] . Though the definition of septic shock has not changed between these studies, the prevalence of septic shock was significantly higher in this study than that in the previous study, which is irrespective of similar severities identified using the SOFA and APACHE II scores or mortality. Presumably, early recognition of septic shock has persisted after the introduction of the SSC guidelines [8, 19] .
Our current study showed a high compliance rate for the entire 3-h bundle, but a low compliance rate for the entire 6-h bundle. This discrepancy may have been influenced by recent studies, such as those showing that high compliance with the 3-h bundle is associated with lower in-hospital mortality [20] . In our study, the low compliance rate for the entire 6-h bundle was significantly influenced by the lack of central venous catheter (CVC) measurements. This may be due to the fact that CVP measurement has recently been considered as a suboptimal guide for fluid resuscitation in circulatory shock [21] . Both systematic reviews [22] and guidelines [19] suggest that CVP values alone should not be used to determine the prognosis of patients with septic shock. The compliance rate of lactate measurement was high in our study, so lactate measurement may be used as a surrogate strategy for ScvO2 assessment in Japan, as some guidelines weakly recommend this [9, 19] . Since the SSCG has not been recommending the use of CVC to monitor CVP and ScvO2 in patients with septic shock since 2015 after obtaining the results of three trials [23] [24] [25] , the use of lactate levels as a marker of tissue hypoperfusion may be more reasonable, in addition to the fact that is easier to use in clinical settings. These results highlight the importance of the 1-h bundle [9] and may prevent the need for the 6-h bundle, although some of its elements may remain. Our previous observational study showed that the in-hospital mortality of patients with severe sepsis correlated with compliance with the bundles, despite the low compliance rates [26] . A global observational study in 2013 had supported this association [27] . Regarding initial resuscitation, bundle compliance in the current study improved substantially [26, 27] . This may be circumstantial evidence about the awareness of and education on sepsis, as well as the achievement of adequate implementation of evidence-based guidelines [28] . This result might have led to similar discussions about resuscitation in individuals with septic shock using the early goal direct therapy (EGDT) [23, 24] . Moreover, 3-h bundles may have simply increased the utilization of ICU Reported counts (proportions) for categorical and median (interquartile range) for continuous variables Missing data: in-hospital mortality=36, ICU free days=263, Ventilator free days=47 ICU intensive care unit resources like the routine implementation of EGDT [29] . Indeed, the bundles have become the cornerstone of improving the quality of sepsis management, as stated in the updated 2018 guidelines [9] . Our compliance with the 3-h bundles plus vasopressor use and repeat lactate measurement was a proper surrogate marker of the updated sepsis bundle [9] ; however, greater effort must be applied to consistently achieve this within 1 h (1-h bundle). The institutional and individual background on studies that complied with sepsis bundles and factors related to reduced mortality are varied [30] . Moreover, a previous study on the compliance with sepsis bundles in Asia [31] , a sub-study in Korea from the same database [32] , and our results have shown different factors related to favorable outcomes. Guideline compliance is always influenced by the social economic status of each country. In fact, sufficient knowledge and attitude and elimination of external barriers would help improve compliance with the bundles [33] . Performance improvement programs and quality improvement initiatives (rather than types of institution) would be useful to overcome each country's social and economic problems and to improve the quality of sepsis management [30] .
Regarding the outcomes, a quarter of patients with severe sepsis died during hospitalization. Patients with severe sepsis were intubated and admitted to the ICUs for approximately 1 week. They were admitted to the hospital for 3 weeks on average. The in-hospital mortality rate in patients with septic shock was approximately 47% according to a systematic review [34] . However, in a more recent meta-analysis of interventional studies comparing EGDT and conventional resuscitation in developed countries, the in-hospital mortality rate of patients with septic shock was substantially lower at 23% [29] .
We should be cautious in comparing our results with those of previous interventional studies that excluded complicated cases. The in-hospital mortality rate (ranging from 28.0% to 55.7%) in patients with severe sepsis in multicenter prospective non-interventional cohort studies conducted since 2001 was more comparable to that of the present study (Additional file 1: Table S1 ). Additional file 1 shows this in more detail. The global and population-level estimate of in-hospital mortality among patients with severe sepsis in high-income countries was approximately 26% in a meta-analysis conducted from 2003 to 2015 [35] . In addition, in developed countries, the mortality rate of patients with severe sepsis has been gradually declining [35] , although it is difficult to distinguish whether this trend reflects accurate improvements in prognosis or the more frequent inclusion of mild sepsis. However, the fact that the early recognition of sepsis has improved patient outcomes worldwide is not disputable. This study showed that the different epidemiological and treatment factors have effects on mortality. Our results confirmed the findings of previous studies showing that older age [7] , multiple comorbidities (CCI) [7] , site of infection [13] , and SOFA score [36] correlate with mortality. However, the relationship between admission source [37] , presence of shock or bacteremia [13] , and in-hospital mortality in patients with sepsis remains controversial. Patients with shock had a high mortality rate. By contrast, a potentially severe factor may not be shock but a constitutive factor of shock, such as infection site [13, 17, 38] . Although ADL was not correlated with in-hospital mortality in this super-aging population based on our results, future studies must be conducted on conditions significantly associated with age, Fig. 1 Survival probability during the first 80 days for patients with severe sepsis (n = 1043) comorbidities, and frailty. A previous study has shown that being overweight or obese reduces the adjusted mortality rate in patients with sepsis [39, 40] . Because the number of overweight patients in our study was limited, we may focus on underweight patients as the Asian population [41] . Regarding resuscitation and treatment, the use of the fluid resuscitation protocol and broad-spectrum antibiotics did not show favorable results. In fact, education about the implementation of the sepsis bundle has been effective, as evidenced by a high compliance rate. The efficacy of using fluid resuscitation and broad-spectrum antibiotics alone for sepsis care may be limited.
During hospitalization, intubation days and days in the ICU may be better indicators of the prognosis of patients with severe sepsis. By contrast, the overall LOS usually reflects not only disease prognosis but also sociodemographic and system-based factors. For example, a patient may not be able to live alone even after recovery from severe sepsis; indeed, only one third of our patients were discharged home, and the mortality rates continued to increase for 3 months after survival from acute sepsis. This result is not surprising considering the super-aging society of Japan; despite the decreasing in-hospital mortality rates, we expect that the mortality rate after acquiring sepsis will remain high for quite some time [1, 42] . Unfortunately, in this study we did not obtain data after hospitalization, such as data on late mortality and quality of life after sepsis. Whether sepsis itself correlates with late mortality in individuals with sepsis or that the risk factors for sepsis, such as aging and comorbidities, correlate with late mortality remains controversial [1, 43] . Long-term quality of life after developing sepsis is more important regardless of the relationship.
Limitations
This study has several important limitations that warrant discussion. First, there might be a selection bias because the study only included patients admitted to the ICUs of tertiary-level emergency care facilities, particularly in hospitals of high complexity. A significant number of patients may have been treated outside of the ICU. Second, the 59 ICUs included in the study only comprise one fifth of the total tertiary emergency facilities in Japan, and this may have introduced sampling bias. Nonetheless, the characteristics of the patients were similar to those reported in other studies conducted in Japan and other countries. Third, the descriptive nature of the study could not fundamentally identify the causal relationship between the observed characteristics and outcomes. Fourth, we excluded the CVP and ScvO2 measurement from the evaluation of SSCG bundles due to large numbers of missing data. CVP of 8 mmHg and ScvO2 of 70% may have been alternatives, as these criteria were also the targets of resuscitation at that time. Fifth, information in our database about ICU stay and ventilator days were not included because they could have been underestimated compared with ICU-free days and VFD. Finally, the patients were not followed (e.g., via phone calls) after their discharge from the hospital, and such outcomes after discharge are not properly assessed. However, most patients in Japan usually return to the hospital after a previous admission, providing at least some confidence in assessing long-term prognoses.
Conclusions
Our prospective study showed that sepsis management in Japan was characterized by high compliance with the 3-h bundle and low compliance with CVC measurement in the 6-h bundle. The in-hospital mortality in our study was comparable to that of other studies in developed countries. Only one third of the patients were discharged home, given the aging population with comorbidities in ICUs in Japan. International standard therapies should be targeted toward elderly populations, and they must be easily utilized. Efforts toward improving outcomes for both patients and survivors by the national or global registries must be further monitored.
Key messages
Patients with severe sepsis in Japan were superelderly with comorbidities, with in-hospital mortality comparable to other developed countries. Sepsis management in Japan was characterized by a high compliance with the 3-h bundle and low compliance with the CVC measurement in the 6-h bundle. Mortality continued to increase even after an acute phase of severe sepsis, although one third of survivors were discharged to their homes after recovery.
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